INTRODUCTION
The design of motor in general is a complex procedure and hence requires an easy and understandable design method and tool for the designer. Designs mostly for DC machines, AC machines, Induction motors and transformers are developed using various commercial available design tools [1] [2] [3] . Most of these are developed using MATLAB m-file while others use Simulink and java. Work on CAD design of reluctance motor is gaining popularity as increase in the need to develop new magnetic design of reluctance motor is on the rise [3, 5] . Reluctance motors have simplicity in construction, high fault tolerance and makes use of no magnets in its magnetic design. Torque production is possible as the rotor tries to align to the stator excitation. The adjacent phases are sequentially exited to generate the required torque. Due to the sequential excitation of the phases the stator rotor is attracted and repelled giving rise to ripples in the waveforms. The major source of torque ripple originates due to the fringing flux that develops just before the overlap position of the stator and rotor teeth. Also it is imperative that this type of machine is operated always near to the saturation. Therefore it is highly important to study the behaviour of the reluctance machine near to the saturation. The variation of the inductance value from the unaligned to aligned position determine the motoring slope of the machine. Variations on the physical dimension of the machine help to achieve a smoother torque profile with reduced ripples [3] [4] [5] . The design of reluctance motor is a complex procedure and hence requires an easy and understandable design method and tool for the designer. This is the reason the GUIDE tool of MATLAB/SIMULINK is used for the design. This tool is picked with preference to m-file because of its user friendly interface compared to m-file alone been used. The user of mfile has to understand the codes written by the programmer while the user of GUIDE need not worry about the codes used. In designing the Graphical User Interface (GUI) the basic principle involved is to take the inputs into the GUI and then an output based on the computational codes fixed into the mfile of the GUI. Fig. 1 shows the introductory GUI which makes use of a pushbutton that links the user to the rotary SRM design. Fig.2 shows the rotary reluctance motor GUI. The mechanical design parameters for the motor input such as the bore diameter, length, the stator pole arc, the rotor pole arc and the capacity values of the required motor under design. These inputs are then used to calculate the other dimensions of the motor. From these, the average torque is derived. If the average torque is not equal or greater than the required torque, the user is able to vary the inputs until this is achieved. This in turn helps the user be able to compare various structures of the motor that gives the required torque. Also included in this is the costing analysis for the motor. The analytical inductance evaluation is used for the inductance profile GUI. Fig. 3 shows the inductance calculation GUI developed. The inductance GUI takes input parameters of Number of stator poles (P s ) and rotor poles (P r ), stator pole arc (β s ), rotor pole arc (β r ), air gap length [3, 5] and this is used as reference for this work. The designed values are verified and validated by introducing an analytical approach method called Cyclic Integration Method (CIM). The cyclic integration method is based on the triangulation principle normally employed for the finite element analysis. But in this approach a triangulation on the vector potential is calculated for a small strip of area and later integrated to the whole radial surface. This calculated value is then integrated once again in the circumferential surface of the area enclosed. The optimal performance of this method has been validated by comparing the results with the finite element design and analysis tool [5] . The design procedure involves the design of the entire layout of the machine including the physical dimensions such as the diameter, length, rotor size and other standard parameters. The machine specifications of a SRM includes the required power output in horse power (hp), speed (rpm), allowable peak current (A), available dc supply voltage etc., From this value the required torque output can be calculated using the equation:
where,
This helps to know the actual torque that is required based on the machine specifications. When the average torque calculated is equal to or greater than the required torque, the machine is closer to specifications and the user can then use the dimensions for fabricating the motor. The average torque of reluctance motor is derived from the inductance slope between the fully unaligned rotor position and fully aligned rotor position. The equation linking the torque generated, rate of change in inductance and magnitude of current is:
where ∆l -change in inductance (mH) i p -rated current (amp) ∆θ -change in rotor position (deg)
The detailed flowchart used for the machine design procedure in sequential step is shown in Fig. 4 . The graphical user interface based on the above design then gives the values of the inductance, magnetic flux density, reluctance for each flux path for fully aligned, unaligned and various intermediate rotor positions. In order to optimize the performance of the machine designed the motoring slope between the total unaligned and aligned inductance is generated by calculations. Form the data the designer can identify and understand the performance comparisons by varying the design values.
IV. CYCLIC INTEGRATION METHOD
To verify that the inductance profile calculations are correct, the cyclic integration method [5] is introduced here to calculate both the unaligned and aligned inductance. The cyclic integration method involves the design of the motor using two dimensional computer aided design to determine the angles and limits of the integration and also iterating the magnetic flux density of the stator pole so that the specified magneto-motive force (mmf) is derived [3] . However this method of cyclic integration does not take into account the effect of the leakage flux.
Once the mmf is calculated the permeance for an entire bounded region is calculated as:
where r -radius of the region enclosed (mm) L -stack length of the machine (mm) ul -the upper limit value (mm) ll -the lower limit value (mm)
The total reluctance for the selected face is calculated using ˞ ˞ " Test performace design for the machine is carried out using the developed GUI for a 8/6 reluctance machine design and the inductance values are evaluated. The GUI inductance profile is tested using the inputs as shown in Fig.8 . The results for the fully unaligned and aligned positions are as shown in Fig. 9 . This shows the inductance for each flux path, the flux density and the reluctance. The total unaligned and unaligned inductances are as shown in Fig. 10 . To verify the proposed analytical method values the cyclic integration method based on the same parameters from the developed graphic user interface of the designed machine is performed. The unaligned inductance of a reluctance motor takes place from zero degrees (0°) or (180/P r ) angle of rotor pole from stator pole to ((180/P r ) -(βs + β r )). With reference to the example as in Fig.11 the rotor positions at fully unaligned position fall within 30° and 10° from rotor poles to stator poles. This gives two distinct regions for the unaligned inductance which are calculated and the average value taken as the inductance of the SRM machine at fully unaligned position. The limits of integration are 15.37 and 0; 17.52 and 7.89. The total unaligned and aligned inductance is calculated to be of 10.7mH and 64mH respectively. Table 1 shows the comparative results between the analytical (GUI) and the cyclic integration method. Percentage difference between the values for unaligned inductance is 6.31% while that for aligned is 4.14%. The difference in values comes as a result of assumptions in the calculations. For example, the cyclic integration method does not take into account the leakage flux and the integration path is based on assumption. The fully unaligned position for this motor takes place between 0° and 10° rotor pole position to stator pole position. To get a more accurate result, more regions can be selected and their inductance derived. The final inductance then takes the sum of all regions and average value can be derived by the numbers of regions taken. In general, from the error calculations, the percentage difference is seen to be minimal and the GUI results verified to be accurate. With the calculated inductance value the torque of the machine computed. The average torque is derived based on uniform current in the rising edge of the inductance profile. The average torque is calculated by:
where T avg -average torque δw m -total work done P r-number of rotor poles P s -number of stator poles
The total work done is calculated by subtracting the work done in the unaligned position from that of in the aligned positions. The work done is calculated by multiplying the flux linkage and the corresponding current. The rating of the test machine is as shown in Fig.14 and the corresponding design parameter of the motor using CAD is shown in Fig.15 . Two different variations of machine with respect to the pole arcs are presented with the other values remain same as shown in Fig. 16 . Based on the output as in Fig. 17 the optimal design is considered for fabrication. The design output of the motor gives the required torque, back iron thickness, rotor and stator height, pole width, turns per phase, MMF, peak current, aligned and unaligned inductance of the motor and finally the average torque. If the average torque generated does not give the required output, the user is required to change some inputs parameters such as the stator pole arc and rotor pole arc. This helps the average torque closer to the required torque. When this is achieved, the motor is optimised for fabrication on the desired set values. The above results compare the design for two separate inputs. As seen from results the average torque calculated is less than the required torque as seen in Fig 17. In this case, the input parameters are modified by varying the pole arcs. Also it is inferred that the average torque is greater than the required torque. This shows that the design of the SRM parameters to be accurate at this stage. 
VII. CONCLUSIONS
A generalised tool box for optimisation of the design of rotary reluctance motor is presented. An 8/6 model with two different design parameters is presented to identify the optimisation procedure from the toolbox developed. The design is broken down into three main paths: the inductance calculations, the analysis of the motor and the design based on the motor parameters [1, 5] . The flux linkage and stator current are generated using the coding as a result of the inductance derived from the inductance profile. This helps the designer to optimise the model for good machine design.
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